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1. 

STOPPER, MOTOR, AND DISK DRIVE 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a coming-off prevention 

structure used in a motor. 
2. Description of the Related Art 
Hitherto, in a disk drive apparatus Such as a hard disk drive 

apparatus, a spindle motor (hereinafter, motor) that rotates a 
disk is mounted. The disk drive apparatus has a disk, a hous 
ing, a stator, an FPC (Flexible Printed Circuit), and the like. 
The housing has a cover member, a base portion, and the like. 

In recent years, there is a demand for further reductions in 
the thickness and size of the disk drive apparatus. Particularly, 
in order to further reduce the thickness of disk drive appara 
tuses belonging to a small size type of 2.5-inches and 7 
mm-thick from among disk drive apparatuses, the housing or 
the motor itself disposed in the housing needs to be made thin. 
On the other hand, when the motor itself is thinned, an 

effect of an external impact on the motor during motor driving 
is increased. Particularly, when the rotor moves in an axial 
direction to be distant from the stator due to the impact or the 
like, a bearing mechanism is notable to Sufficiently support a 
shaft. Therefore, the rotor needs a coming-off prevention 
structure (i.e., a stopper). However, depending on the coming 
off structure, the dimensions in the axial direction of the 
motor have to be increased, and thus there is a concern that 
reductions in the size and thickness of the motor may be 
impeded. 

Therefore, a coming-off structure that realizes reductions 
in the size and thickness of a motor is needed. 

SUMMARY OF THE INVENTION 

A motor according to a preferred embodiment of the 
present invention includes a stator, and a rotor which is 
arranged to rotate relative to the stator about a center axis as 
a center. The rotor includes a disk portion, a cylindrical por 
tion, and a stopper. The cylindrical portion extends downward 
in an axial direction from the disk portion. The stopper pref 
erably is cylindrical or substantially cylindrical. The stopper 
is disposed on an inner side in a radial direction of the cylin 
drical portion and is fixed to an inner surface of the cylindrical 
portion. The cylindrical portion includes a cylindrical portion 
protruding portion. The cylindrical portion protruding por 
tion protrudes inward in the radial direction and opposes an 
outer surface of the stopper in the radial direction. The stopper 
includes a stopper protruding portion. The stopper protruding 
portion protrudes outward in the radial direction, opposes the 
inner Surface of the cylindrical portion, and opposes the pro 
truding portion in the axial direction. An adhesive is included 
between the cylindrical portion and the stopper. A gap 
between an upper end portion of the outer surface of the 
stopper and an inner peripheral Surface of the cylindrical 
portion protruding portion corresponding to this in the radial 
direction defines a first tapered gap. In the first tapered gap, a 
gap in the radial direction widens upward in the axial direc 
tion. A gap between a lower end portion of the outer Surface 
of the stopper protruding portion and an inner peripheral 
Surface of the cylindrical portion opposing this in the radial 
direction defines a second tapered gap. In the second tapered 
gap, a gap in the radial direction widens downward in the 
axial direction. The adhesive is included in at least a portion 
of the first tapered gap and in at least a portion of the second 
tapered gap. The stator includes an annular surface that wid 
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2 
ens in the radial direction. The annular surface is positioned 
below the second tapered gap. The second tapered gap 
opposes the annular Surface in the axial direction. 

According to preferred embodiments of the present inven 
tion, even in a case where the rotor moves in the axial direc 
tion due to an external impact or the like, the rotor is con 
trolled such that it may be prevented from being separated 
from the stationary section. 
The above and other elements, features, steps, characteris 

tics and advantages of the present invention will become more 
apparent from the following detailed description of the pre 
ferred embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a motor according to a 
preferred embodiment of the present invention. 

FIG. 2 is a partial cross-sectional view of the vicinity of a 
stopper portion in a preferred embodiment of the present 
invention. 

FIG.3 is a partial cross-sectional view of the vicinity of the 
stopper, illustrating a modified example of a preferred 
embodiment of the present invention. 

FIG. 4 is a partial cross-sectional view of the vicinity of the 
stopper, illustrating a modified example of a preferred 
embodiment of the present invention. 

FIG. 5 is a partial cross-sectional view of the vicinity of the 
stopper, illustrating a modified example of a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following description, the upper side in FIG. 1 in the 
center axis direction of a motor is simply called an “upper 
side' and the lower side therein is simply called a “lower 
side'. In addition, the vertical direction does not represent a 
positional relationship or a direction during actual assembly 
into a device. In addition, a direction parallel or Substantially 
parallel to the center axis is called an “axial direction', a 
radial direction about the center axis as the center is simply 
called a “radial direction', and a circumferential direction 
about the center axis as the center is simply called a “circum 
ferential direction'. 

FIG. 1 is a cross-sectional view of a spindle motor 1 
according to a first exemplary preferred embodiment of the 
present invention. In the following description, the spindle 
motor 1 is simply called a motor 1. The motor 1 is preferably 
used, for example, in a 2.5-inch and about 7 or less mm-thick 
disk drive apparatus or a 2.5-inch and about 5 or less mm 
thick disk drive apparatus (for example, hard disk drive appa 
ratuses) or the like. The disk drive apparatus preferably 
includes the motor 1, a housing, at least one sheet of disk, an 
access unit, a connector, and the like. The disk is mounted to 
the motor 1. An actuator (not shown) preferably includes a 
head (not shown), an arm (not shown), and a head moving 
mechanism (not shown). The head approaches the disk and 
performs at least one of “reading and “writing of informa 
tion. The arm Supports the head. As the arm moves, the head 
moving mechanism moves the head relative to the disk. In this 
configuration, the head access a required position of the disk 
in a state of approaching the rotating disk. A base portion 
preferably defines a portion of the housing together with a 
cover member. The housing includes the motor 1, the disk, the 
access unit, and the like arranged therein. 
As illustrated in FIG. 1, the motor 1 is preferably an outer 

rotor type. In this preferred embodiment, the motor 1 is a 
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preferably three-phase motor having three phases including a 
Uphase, a V phase, and a W phase. The motor 1 includes a 
stationary section 2 which is a fixed assembly, a rotor 3 which 
is a rotating assembly, and a fluid dynamic bearing mecha 
nism (hereinafter, referred to as a “bearing mechanism 4”). 
The rotor is supported to be able to rotate with respect to the 
stationary section 2 about a center axis J1 of the motor 1 as the 
center by the bearing mechanism 4. 
The stationary section 2 preferably includes a base portion 

21, an annular stator portion 22, and a wiring board 14. A hole 
portion 210 is provided in the base portion 21 and penetrates 
through the base portion 21 in the axial direction. A cylindri 
cal or substantially cylindrical bushing 42 is inserted into the 
hole portion 210. The bushing 42 is preferably fixed to the 
hole portion 210 by, for example, press-fitting, adhesion, 
welding, or the like. 

The stator portion 22 includes a stator core 221 and a coil 
222. The coil 222 is disposed in the stator core 221. In the 
stator portion 22, a plurality of lead-out wires 50 that lead out 
from the respective coils 222 of the Uphase, the V phase, and 
the W phase are preferably electrically connected to the wir 
ing board 14. Each of the lead-out wires is preferably con 
nected to the wiring board 14 by, for example, Soldering. In 
this preferred embodiment, the number of lead-out wires 50 is 
preferably 3. 
As a preferred example of the wiring board 14, a flexible 

printed circuit board may be used, for example. The wiring 
board 14 is disposed at the lower surface of the base portion 
21. A portion of the wiring board 14 may come into contact 
with the lower surface of the base portion 21 or may not come 
into contact with the lower surface of the base portion 21. 

The stator core 221 is preferably obtained by performing 
punching work on, for example, a laminated Steel sheet in 
which electromagnetic steel sheets are laminated in the axial 
direction. The stator core 221 preferably includes a core back 
(not shown) and a plurality of teeth (not shown). The core 
back is annular about the center axis J1 as the center. The 
stator core 221 is preferably fixed to the outer surface of the 
bushing 42 by, for example, press-fitting, caulking, or the like. 
The outer surface of the bushing 42 preferably opposes the 
inner surface of the core back in the radial direction and the 
outer surface of the stator core 221 in the radial direction. 
The teeth extend outward in the radial direction from the 

outer periphery of the core back. The teeth preferably include 
a winding portion and a tip end portion. A conducting wire is 
wound around the winding portion to define the coil 222. The 
tip end portion widens on both sides in the circumferential 
direction from the outer edge portion of the winding portion. 
As illustrated in FIG. 1, the rotor 3 preferably includes a 

rotor magnet 321, a disk portion 311, an extension portion 
3111, a cylindrical portion 312, an annular disk placing por 
tion 313, a shaft 314, and a stopper 315. The disk portion 311 
is a Substantially discoid member having a thin-film shape. 
The extension portion 3111 extends downward from the outer 
edge portion of the disk portion 311. The disk placing portion 
313 widens outward in the radial direction from the lower 
portion of the extension portion 3111. A disk is placed on the 
disk placing portion 313. The rotor magnet 321 preferably is 
annular or Substantially annular about the center axis J1 as the 
center. The rotor magnet 321 is disposed inside the extension 
portion 3111. The disk placing portion 313 is positioned 
outside the lower portion of the rotor magnet 321 in the radial 
direction. The rotor magnet 321 is disposed on the outer side 
in the radial direction of the stator portion 22. When the motor 
1 is driven, a torque is generated between the rotor magnet 
321 and the stator portion 22. The shaft 314 is preferably a 
columnar or Substantially columnar or a cylindrical or Sub 
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4 
stantially cylindrical member. The shaft 314 is fixed to the 
disk portion 311. When the rotor 3 is rotated, the shaft 314 is 
also rotated about the center axis J1. The stopper 315 prefer 
ably is a cylindrical or substantially cylindrical member. The 
stopper 315 is disposed on the inner side in the radial direction 
of the cylindrical portion 312. 
As illustrated in FIG. 1, the bearing mechanism 4 is pref 

erably a fluid dynamic bearing and includes a lubricating oil, 
a sleeve 41, and the bushing 42. The sleeve 41 preferably is a 
cylindrical substantially cylindrical member. The sleeve 41 is 
preferably, for example, a sintered metal obtained by sinter 
ing a powder metal. The sleeve 41 preferably includes a 
communication hole 411 extending through the sleeve 41 in 
the vertical direction. The lubricating oil is impregnated by 
the sleeve 41. As described above, the bushing 42 preferably 
has a cylindrical or substantially cylindrical shape. The sleeve 
41 is inserted through the through-hole of the bushing 42. The 
inner surface of the bushing 42 supports the sleeve 41. An 
annular surface 423 which preferably is annular or substan 
tially annular is disposed at the upper end portion in the axial 
direction of the bushing 42. In other words, the stationary 
section 2 includes the annular surface 423 which widens in 
the radial direction. The end portion on the outer side in the 
radial direction of the bushing 42 includes a cylindrical or 
Substantially cylindrical side portion that opposes in the 
radial direction the stator core 221 that extends in the axial 
direction. The upper end portion in the axial direction of the 
cylindrical side portion includes a flange portion that extends 
outward in the radial direction. The flange portion opposes 
the upper surface of the stator core in the axial direction. 
Accordingly, the position in the axial direction of the stator 
core with respect to the bushing 42 is determined. When the 
rotor 3 is rotated with respect to the stationary section 2, the 
sleeve 41 rotatably supports the shaft 314 via the lubricating 
oil. The sleeve 41 may be, for example, a stainless-based 
metal or may be a copper-based metal. In addition, the type of 
the bearing mechanism 4 is not particularly limited, and other 
types of bearings including, for example, a ball bearing, a 
sliding bearing, etc. may also be used. 
As illustrated in FIG. 1, the base portion 21 preferably 

includes the hole portion 210 and a first concave portion 212. 
The first concave portion 212 is disposed in the periphery of 
the hole portion 210. When viewed in the axial direction, the 
first concave portion 212 preferably has an annular or sub 
stantially annular shape about the center axis J1 as the center. 
The first concave portion 212 is recessed toward the lower 
surface side of the base portion 21 from the upper surface of 
the base portion 21. An insulating sheet 80 is preferably 
disposed in the first concave portion 212. The insulating sheet 
80 is preferably annular or substantially annular about the 
center axis J1 as the center. The insulating sheet 80 opposes 
the coil 222 in the axial direction. The insulating sheet 80 
opposes the side Surface on the outer side in the radial direc 
tion of the first concave portion 212. Accordingly, the insu 
lating sheet 80 is positioned in the first concave portion 212. 
Accordingly, even in a case where the coil 222 comes into 
contact with the base portion 21, electrical insulation is pos 
sible. In addition, a plurality of insulating sheets 80 may be 
arranged to be lined up in the circumferential direction to 
oppose the coil 222 in the axial direction. In this case, the 
shapes of the plurality of insulating sheets 80 may be various 
shapes including, for example, polygonal shapes such as rect 
angular and triangular shapes, circular shapes, elliptical 
shapes, and fan shapes and are not particularly limited. In 
addition, the insulating sheet 80 may be fixed to the base 
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portion 21 via, for example, a bonding material or an adhe 
sive, or may also be disposed in the first concave portion 212 
without using them. 

The second concave portion 213 is disposed along the first 
concave portion 212 on the outer side in the radial direction of 
the first concave portion 212. The second concave portion 213 
is preferably recessed toward the lower surface side (the 
lower side in the axial direction) of the base portion 21 from 
the upper surface of the base portion 21. The second concave 
portion 213 preferably is annular or substantially annular 
about the center axis J1 as the center. 
At least one through-hole 2121 is disposed in the first 

concave portion 212. The through-hole 2121 penetrates from 
the upper surface side of the base portion 21 toward the lower 
surface side of the base portion 21. 
The bottom portion of the first concave portion 212 and the 

bottom portion of the second concave portion 213 protrude 
downward in the axial direction from the lower surface of the 
base portion 21. The bottom portion of the second concave 
portion 213 is positioned on the upper side in the axial direc 
tion rather than the bottom portion of the first concave portion 
212. In other words, the bottom portion of the first concave 
portion 212 preferably protrudes downward in the axial direc 
tion from the bottom portion of the second concave portion 
213. Each of the bottom portion of the first concave portion 
212 and the bottom portion of the second concave portion 213 
preferably has an annular or Substantially annular shape about 
the center axis J1 as the center. A flat surface S is disposed at 
the lower surfaces on the lower side in the axial direction of 
the first concave portion 212 and the second concave portion 
213. A lower tilted surface 2151 is disposed on the outer side 
in the radial direction of the second concave portion 213 in the 
lower surface of the base portion 21. 
As illustrated in FIG. 1, the wiring board 14 is disposed at 

the lower surface of the base portion 21. The wiring board 14 
is preferably fixed to the lower surface of the base portion 21 
via, for example, a bonding material oran adhesive. A portion 
of the wiring board 14 is disposed on the flat surface S. The 
end portion of the wiring board 14 opposes in the radial 
direction the bottom portion of the first concave portion 212. 
The wiring board 14 abuts in the axial direction on a portion 
of the bottom portion of the first concave portion 212 and the 
bottom portion of the second concave portion 213. The wiring 
board 14 is guided to the outside in the radial direction 
through the flat surface S and extends in the lower surface of 
the base portion 21. 

The lead-out wire 50 is led out from the coil 222. In this 
preferred embodiment, the motor 1 is preferably a three 
phase motor. Therefore, a single lead-out wire 50 is led out 
from each of the Uphase, the V phase, and the W phase. The 
lead-out wires 50 are led out from the upper surface side to the 
lower surface side of the base portion 21 through one or more 
respective through-holes 2121. The lead-out wires 50 extends 
on the lower surface side of the base portion 21 and are drawn 
to a position where the lower tilted surface 2151 is present. At 
the position where the lower tilted surface 2151 is present, the 
lead-out wires 50 are electrically connected to the wiring 
board 14. The lead-out wires 50 are preferably connected to 
the wiring board 14 by, for example, Soldering (a lead-con 
taining solder or a lead-free solder). A fixed portion 501 is 
preferably defined by the soldering. The lower tilted surface 
2151 is positioned on the upper side in the axial direction 
rather than the bottom portion of the first concave portion 212 
and the bottom portion of the second concave portion 213. 
Therefore, in a case where the lead-out wires 50 are con 
nected to the wiring board 14 at the position where the lower 
tilted surface 2151 is present, the fixed portion 501 is posi 
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6 
tioned on the upper side in the axial direction rather than the 
bottom portion of the first concave portion 212. As a result, it 
is possible for the thickness of the motor 1 to be included in 
the thickness of the base portion 21. 
At least a portion of the lower surface of the base portion 21 

is preferably covered with a resin member. The lead-out wires 
50 are preferably fixed by the resin member on the lower 
surface of the base portion 21 and the inside of each of the 
through-holes 2121 is blocked by the resin member. Accord 
ingly, the lead-out wires 50 that pass through the respective 
through-holes 2121 are fixed into the respective through 
holes 2121. Accordingly, even in a case where an impact is 
exerted on the motor 1 from the outside, each of the lead-out 
wires 50 is controlled from deviating from the wiring board 
14 or the flat surface S. In addition, since each of the through 
holes 2121 is covered with the resin member, infiltration of 
dust or the like into the motor 1 from the outside is controlled. 
The base portion 21 is preferably formed by a process 

including, for example press working. First, the material, 
steel sheet is prepared. The steel sheet is a substantially plate 
shape. The Steel sheet that is an original member is disposed 
in a mold. A series of press workings are performed on the 
original member. Accordingly, an intermediate product of the 
base portion 21 including the hole portion 210, the first con 
cave portion 212, the second concave portion 213, and the like 
is molded. 

Next, cutting or grinding is performed on the base portion 
21 of the intermediate product. Accordingly, it is possible to 
thin the bottom portion of the first concave portion 212 and 
the bottom portion of the second concave portion 213 while 
preventing degradation of rigidity. As a result, the thickness of 
the disk drive apparatus including the motor 1 may be 
reduced. 

In addition, the cutting or the grinding may be performed in 
a state where the base portion 21 is present in the mold or may 
also be performed after the intermediate member is released 
from the mold. Furthermore, the cutting or the grinding may 
also be performed on the entire upper surface and the entire 
lower surface of the base portion 21, the first concave portion 
212, the second concave portion 213, the peripheral edge 
portion of the hole portion 210, and the like. 

In the base portion 21 after the press work, sags and burrs 
are formed on the peripheral edge portion of the hole portion 
210, the end portion of the through-hole 2121, the outer 
peripheral edge of the base portion 21, and the like by punch 
ing the original member in the mold. Sags are formed on one 
side in the punching direction of the mold, and burrs are 
formed on the other side in the punching direction. Particu 
larly, cutting or grinding may be performed on the burrs 
formed by the press working. As the burrs are removed by the 
cutting, the peripheral edge portion of the hole portion 210, 
the end portion of the through-hole 2121, and the like are 
Smoothed, and during assembly of the base portion 21 or the 
like, components such as the stator portion 22 are mounted 
without being damaged. In addition, as the press working is 
performed, on the lower surface side of the base portion 21, 
sags are formed in the peripheral edge portion of the hole 
portion 210. 

In addition, press working may further be performed on the 
base portion 21 that is Subjected to the cutting or the grinding. 

Furthermore, plating is preferably performed on the base 
portion 21 that is Subjected to the press working, the cutting, 
and the grinding. As the plating, for example, nickel-based 
plating is used. When the plating is performed, a thin film of 
the plating preferably covers the entirety of the base portion 
21. The thickness of the thin film of the plating is preferably, 
for example, about 2 um to about 10um. Therefore, corrosion 
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of the base portion 21 due to the lubricating oil of the bearing 
mechanism 4, an external environment, and the like is con 
trolled. 

FIG. 2 is a partial cross-sectional view illustrating the 
vicinity of the stopper 315. As illustrated in FIG. 2, the cylin 
drical portion 312 extends downward in the axial direction 
from the disk portion 311. The cylindrical portion 312 pref 
erably includes a cylindrical portion protruding portion 3121. 
The cylindrical portion protruding portion 3121 protrudes 
inward in the radial direction from the inner surface of the 
cylindrical portion 312 and opposes the outer surface of the 
stopper 315 in the radial direction. In addition, in the pre 
ferred embodiment, the cylindrical portion 312 is preferably 
provided integrally with the disk portion 311 as a single 
monolithic member. However, the present invention is not 
limited to this preferred embodiment. For example, the cylin 
drical portion 312 and the disk portion 311 may be separate 
members. 
A tilted surface I1 that is tilted with respect to the center 

axis J1 is preferably provided in the inner peripheral surface 
of the cylindrical portion protruding portion 3121. The space 
in the radial direction between the tilted surface I1 and the 
center axis J1 gradually decreases downward in the axial 
direction. The tilted surface I1 preferably includes a first tilted 
portion I 11 and a second tilted portion I12. The first tilted 
portion I11 is positioned on the upper side in the axial direc 
tion rather than the second tilted portion I12. The tilt of the 
second tilted portion I12 with respect to the center axis J1 is 
greater than the tilt of the first tilted portion I11 with respect 
to the center axis J1. That is, an angle with respect to the 
center axis J1 of the second tilted portion I12 is greater thanan 
angle with respect to the center axis J1 of the first tilted 
portion I 11. 

In addition, each of the first tilted portion I 11 and the 
second tilted portion I12 may be a curved portion. Even in this 
case, the space in the radial direction between each of the first 
tilted portion I 11 and the second tilted portion I12 and the 
center axis J1 gradually increases upward in the axial direc 
tion. 

The cylindrical portion protruding portion 3121 preferably 
includes a surface S1 that is parallel or substantially parallel 
to the center axis J1. The surface S1 opposes the outer surface 
of the stopper 315 in the radial direction. In addition, it is 
preferable that the surface S1 be a flat surface. However, if so 
desired, the Surface S1 may also be a Surface having uneven 
ness, a curved Surface, or the like. 
On the lower side in the axial direction of the surface S1, a 

tilted surface I2 that is tilted with respect to the center axis J1 
is preferably disposed. The space in the radial direction 
between the tilted surface I2 and the center axis J1 gradually 
increases downward in the axial direction. The tilted surface 
I2 is connected to the surface S1. In addition, the tilted surface 
I2 may alternatively be a curved surface of which the space in 
the radial direction from the centeraxis J1 gradually increases 
downward in the axial direction. In other words, a tilted 
surface or a curved surface is defined in the end portion of the 
cylindrical portion protruding portion 3121 which opposes 
the stopper 315. 

The cylindrical portion protruding portion 3121 preferably 
includes a surface S2 that is parallel or substantially parallel 
to the disk portion 311. The surface S2 is disposed on the 
outer side in the radial direction rather than the tilted surface 
I2. The surface S2 is connected to the tilted surface I2. It is 
preferable that the surface S2 is a flat surface. However, the 
Surface S2 may also have unevenness, a curved surface, or the 
like. 
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8 
Moreover, the cylindrical portion 312 preferably includes a 

surface S3. The surface S3 is disposed on the outer side in the 
radial direction rather than the surface S2. The surface S3 is 
parallel or substantially parallel to the center axis J1 and is 
connected to the surface S2. It is preferable that the surface S3 
be a flat surface. However, the surface S3 may also have 
unevenness, a curved surface, or the like. A portion where the 
surfaces S2 and S3 are connected to each other is preferably 
provided with a groove portion gr. The groove portion gr is 
recessed outward in the radial direction from the surface S3. 
The tip end portion of the cylindrical portion 312 prefer 

ably includes a tilted surface I3 that is tilted with respect to the 
center axis J1, and the space between the tilted surface I3 and 
the center axis J1 gradually increases downward in the axial 
direction. The tilted surface I3 is connected to the surface S3. 
In addition, the tilted surface I3 may also alternatively be a 
curved surface of which the space from the center axis J1 
gradually increases downward in the axial direction. 
A surface S4 that is parallel or substantially parallel to the 

disk portion 311 is disposed at the lower end portion of the 
cylindrical portion 312. The surface S4 is disposed on the 
outer side in the radial direction rather than the surface S2. 
The surface S4 is flush or substantially flush with the end 
portion on the lower side in the axial direction of the stopper 
315. The surface S4 opposes the bushing 42 in the axial 
direction. In other words, the Surface S4 opposes the annular 
surface 423 of the stationary section 2 in the axial direction. 
The surface S4 may also be disposed on the lower side in the 
axial direction or on the upper side in the axial direction rather 
than the end portion on the lower side in the axial direction of 
the stopper 315. It is preferable that the surface S4 be a flat 
surface. However, the surface S4 may also alternatively have 
unevenness, a curved surface, or the like. 
On the outer side in the radial direction of the lower end 

portion of the cylindrical portion 312, a tilted surface I4 is 
preferably provided. The tilted surface I4 is tilted with respect 
to the center axis J1. The space between the tilted surface I4 
and the center axis J1 gradually decreases downward in the 
axial direction. The tilted surface I4 is connected to the Sur 
face S4. The tilted surface I4 is connected to the outer surface 
of the cylindrical portion 312. In addition, the tilted surface I4 
may also alternatively be a curved surface of which the space 
from the centeraxis J1 gradually increases upward in the axial 
direction. 
The stopper 315 is disposed on the inner side in the radial 

direction of the cylindrical portion 312. The stopper 315 
preferably includes a stopper protruding portion 3151 that 
protrudes outward in the radial direction. The stopper pro 
truding portion 3151 opposes the inner surface of the cylin 
drical portion 312 in the radial direction. The stopper protrud 
ing portion 3151 opposes the cylindrical portion protruding 
portion 3121 in the axial direction. In FIG. 2, the cylindrical 
portion protruding portion 3121 is disposed on the upper side 
in the axial direction rather than the stopper protruding por 
tion 3151. 
A surface SS1 that is parallel or substantially parallel to the 

disk portion 311 is preferably disposed at the upper end 
portion of the stopper 315. At least a portion of the surface 
SS1 opposes the sleeve 41 in the axial direction. The inner 
peripheral surface of the stopper 315 is positioned on the 
inner side in the radial direction rather than the end portion on 
the outer side in the radial direction of the bearing mechanism 
4. That is, the stopper 315 overlaps the bearing mechanism 4 
in the axial direction. In addition, in the present preferred 
embodiment, the bearing mechanism 4 is a sleeve 41. Accord 
ingly, even in a case where the rotor 3 moves in the axial 
direction due to an external impact or the like, the surface SS1 
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abuts on the sleeve 41 and the rotor 3 is prevented from being 
separated from the stationary section 2 in the axial direction. 
It is preferable that the surface SS1 is a flat surface. However, 
the surface SS1 may also have unevenness, be a curved sur 
face, etc. 
The space in the radial direction between the endportion on 

the outer side in the radial direction of the sleeve 41 and the 
cylindrical portion 312 is greater than the space in the axial 
direction between the sleeve 41 and the surface SS1 that 
opposes the sleeve 41. In addition, the gap in the axial direc 
tion between the end portion on the outer side in the radial 
direction of the sleeve 41 and the surface SS1 is disposed as a 
tapered gap of which the space in the axial direction gradually 
increases outward in the radial direction. 
A surface R1 is preferably provided at a portion where the 

upper end portion of the outer surface of the stopper 315 
opposes the inner Surface of the cylindrical portion protruding 
portion 3121. In this preferred embodiment, the surface R1 is 
preferably a curved surface. The space between the curved 
Surface R1 and the center axis J1 gradually increases down 
ward in the axial direction. In addition, the surface R1 may 
also alternatively be a tilted surface that is tilted with respect 
to the center axis J1. 

The upper end portion of the outer surface of the stopper 
315 opposes in the radial direction the inner peripheral sur 
face of the cylindrical portion protruding portion 3121. A first 
tapered gap G1 is a gap between the upper end portion of the 
outer surface of the stopper 315 and the inner surface of the 
cylindrical portion protruding portion 3121 that opposes the 
upper end portion of the outer surface of the stopper 315. In 
the first tapered gap G1, the gap in the radial directionwidens 
upward in the axial direction. More specifically, in the first 
tapered gap G1, the space between the upper end portion of 
the outer surface of the stopper 315 and a curved surface that 
is a portion of the inner surface of the cylindrical portion 
protruding portion 3121 gradually increases upward in the 
axial direction. 
A surface SS2 is preferably disposed at the outer surface of 

the stopper 315. The surface SS2 is preferably parallel or 
substantially parallel to the surface S1 of the cylindrical por 
tion protruding portion 3121. The surface SS2 is parallel or 
substantially parallel to the center axis J1. The surface SS2 
opposes the Surface S1 of the cylindrical portion protruding 
portion 3121 in the radial direction. Accordingly, the stopper 
315 is positioned with respect to the cylindrical portion 312. 
A surface SS3 is preferably disposed at the upper end 

portion in the axial direction of the stopper protruding portion 
3151. The surface SS3 is preferably parallel or substantially 
parallel to the disk portion 311. The surface SS3 is preferably 
parallel or substantially parallel to the surface S2 of the cylin 
drical portion protruding portion 3121. The surface SS3 
opposes the Surface S2 of the cylindrical portion protruding 
portion 3121 in the axial direction. As the surface SS3 comes 
into contact with the surface S2 in the axial direction, the 
stopper 315 is positioned in the axial direction with respect to 
the cylindrical portion 312. A portion where the surfaces SS2 
and SS3 are connected to each other opposes the tilted surface 
of the cylindrical portion protruding portion 3121 in the radial 
direction and in the axial direction. The portion where the 
surfaces SS2 and SS3 are connected to each other is a curved 
Surface. 
The stopper protruding portion 3151 preferably further 

includes a tilted surface R2 that is tilted with respect to the 
center axis J1. The space in the radial direction between the 
tilted Surface R2 and the center axis J1 gradually increases 
downward in the axial direction. The tilted surface R2 is 
disposed on the outer side in the radial direction rather than 
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10 
the surface SS3. The tilted surface R2 opposes the groove 
portion gr of the cylindrical portion protruding portion 3121 
at least in the axial direction. The length in the axial direction 
of the tilted surface R2 is shorter than the length in the axial 
direction of the groove portion gr. In addition, the tilted length 
R2 may also alternatively be a curved surface of which the 
space in the radial direction from the center axis J1 gradually 
increases downward in the axial direction. 
The stopper protruding portion 3151 preferably includes a 

surface SS4 that is parallel or substantially parallel to the 
center axis J1. The surface SS4 opposes the surface S3 of the 
cylindrical portion 312 in the radial direction. The surface 
SS4 is preferably parallel or substantially parallel to the sur 
face S3. The surface SS4 is disposed on the outer side in the 
radial direction rather than the tilted surface R2. The surface 
SS4 is connected to the tilted portion R2. It is preferable that 
the surface SS4 be a flat surface. However, the surface SS4 
may also alternatively be a Surface having unevenness, a 
curved Surface, etc. 
A portion where the surface SS4 and the tilted surface R2 

are connected to each other opposes the groove portion gr of 
the cylindrical portion protruding portion 3121 in the radial 
direction. The portion where the surface SS4 and the tilted 
Surface R2 are connected to each other is positioned on the 
upper side in the axial direction rather than the portion where 
the groove portion gr of the cylindrical portion protruding 
portion 3121 is connected to the surface S3. In addition, as the 
surface SS4 comes into contact with the surface S3 in the 
radial direction, the stopper 315 may be positioned in the 
radial direction with respect to the cylindrical portion 312. 
A tilted surface R3 that is tilted with respect to the center 

axis J1 is preferably disposed on the lower side in the axial 
direction of the stopper protruding portion 3151. The tilted 
surface R3 is disposed on the inner side in the radial direction 
rather than the surface SS4. The tilted surface R3 is connected 
to the surface SS4. The space between the tilted surface R3 
and the center axis J1 gradually decreases downward in the 
axial direction. The tilted surface R3 of the stopper 315 
opposes the tilted surface I3 of the cylindrical portion 312 in 
the radial direction. In addition, the tilted surface R3 may also 
alternatively be a curved surface of which the space from the 
center axis J1 gradually decreases downward in the axial 
direction. 
The lower end portion of the outer surface of the stopper 

protruding portion 3151 opposes the inner peripheral surface 
of the cylindrical portion 312 in the radial direction via a 
second tapered gap G2. In the second tapered gap G2, the gap 
in the radial directionwidens downward in the axial direction. 
More specifically, the space in the radial direction in the gap 
between the tilted surface R3 of the stopper protruding por 
tion 3151 and the tilted surface I3 of the cylindrical portion 
312 gradually increases downward in the axial direction. The 
second tapered gap G2 opposes the bushing 42 in the axial 
direction. In other words, the second tapered gap G2 opposes 
the annular surface 423 of the stationary section 2 in the axial 
direction. As illustrated in FIG. 2, the annular surface 423 is 
positioned below the second tapered gap G2. 
A surface SS5 that is preferably parallel or substantially 

parallel to the disk portion 311 is disposed at the lower end 
portion of the stopper 315. The surface SS5 opposes the 
annular surface 423 of the stationary section 2 in the axial 
direction. The surface SS5 of the stopper 315 is flush or 
substantially flush with the surface S4 of the cylindrical por 
tion 312. An oil-repellent agent is preferably applied onto the 
Surface SS5. 
A tilted surface R4 that is tilted with respect to the center 

axis J1 is preferably disposed on the inner side in the radial 
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direction of the lower end portion of the stopper 315. The 
tilted surface R4 is disposed on the inner side in the radial 
direction rather than the surface SS5. The tilted surface R4 is 
connected to the surface SS5. The tilted surface R4 is con 
nected to the inner surface of the stopper 315. The space in the 
radial direction between the tilted surface R4 and the center 
axis J1 gradually increases downward in the axial direction. 
The tilted surface R4 opposes the bushing 42 in the axial 
direction. In other words, the tilted surface R4 opposes the 
annular surface 423 of the stationary section 2 in the axial 
direction. The tilted surface R4 opposes the outer surface of 
the sleeve 41 in the radial direction. 

The inner surface of the stopper 315 opposes the outer 
surface of the sleeve 41 in the radial direction. The space in 
the radial direction between the inner surface of the stopper 
315 and the outer surface of the sleeve 41 gradually increases 
downward in the axial direction. More specifically, between 
the inner surface of the stopper 315, the outer peripheral 
surface of the sleeve 41, and the end portion on the outer side 
in the radial direction of the sleeve 41, a tapered gap of which 
the space in the radial direction gradually increases down 
ward in the axial direction is disposed. The interface of the 
lubricating oil is preferably disposed between the outer 
peripheral surface of the sleeve 41 and the inner surface of the 
stopper 315. An oil-repellent agent is applied onto at least a 
portion of the outer surface of the sleeve 41. The interface of 
the lubricating oil is positioned on the upper side in the axial 
direction rather than the portion of the outer surface of the 
sleeve 41 to which the oil-repellent agent is applied. The 
stopper 315 opposes in the radial direction the sleeve 41 via 
the lubricating oil. Therefore, when an external impact or the 
like is exerted, the stopper 315 is prevented or substantially 
prevented from directly coming into contact with sleeve 41 
and being damaged. In addition, since the tapered gap is 
disposed between the sleeve 41 and the stopper 315, dust or 
the like is controlled from infiltrating into the inner peripheral 
surface of the through-hole of the sleeve 41 via the space 
between the outer peripheral surface of the sleeve 41 and the 
inner surface of the stopper 315. Moreover, since the interface 
of the lubricating oil is disposed in the tapered gap disposed 
between the sleeve 41 and the stopper 315, an operator is able 
to view the interface of the lubricating oil as the rotor 3 is 
viewed from the lower side in the axial direction when the 
motor 1 is assembled. Therefore, the operator may confirm 
whether or not the bearing mechanism 4 is filled with an 
appropriate amount of the lubricating oil by using, for 
example, a jig, a device, or the like by viewing the interface of 
the lubricating oil. In addition, the amount of the lubricating 
oil filled in the bearing mechanism 4 may also be confirmed 
by an automated equipment or the like instead of an operator 
using the interface of the lubricating oil. 
An adhesive A is included between the cylindrical portion 

312 and the stopper 315. The adhesive A is preferably 
included in at least a portion of the first tapered gap G1 and in 
at least a portion of the second tapered gap G2. At least a 
portion of the interface of the adhesive A on the upper side in 
the axial direction is in the first tapered gap G1. The adhesive 
A comes into contact with a portion of the tilted surface I1 in 
the first tapered gap G1. In this preferred embodiment, the 
adhesive A comes into contact with the first tilted portion I 11 
and the second tilted portion I 12. That is, a portion of the 
adhesive A is disposed on the upper side in the axial direction 
rather than the first tapered gap. In the first tapered gap G1, the 
interface of the adhesive A is positioned on the upper side in 
the axial direction rather than the second tilted portion I12. In 
addition, the interface of the adhesive A on the lower side in 
the axial direction is disposed in the second tapered gap G2. 
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In addition, in the first tapered gap G1, the interface of the 
adhesive A may be disposed on the second tilted portion I 12 
or on the lower side in the axial direction rather than the 
second tilted portion I12. 
The adhesive A is applied to at least any one of the cylin 

drical portion 312 and the stopper 315. Thereafter, the stopper 
315 approaches relative to the cylindrical portion 312, and at 
least a portion of the stopper 315 comes into contact with the 
cylindrical portion 312. As a result, the stopper 315 is fixed to 
the cylindrical portion 312. 

In addition, the stopper 315 may also be fixed to the cylin 
drical portion 312 by other methods including, for example, 
adhesion, fusion, press-fitting, caulking, and the like. 
As described above, the adhesive A is included between the 

cylindrical portion 312 and the stopper 315. Therefore, when 
the stopper 315 approaches the cylindrical portion 312, at 
least a portion of the adhesive A moves upward and down 
ward in the axial direction in the gap between the cylindrical 
portion 312 and the stopper 315. The width in the radial 
direction of the first tapered gap G1 gradually increases 
upward in the axial direction. Accordingly, the interface of the 
adhesive A is positioned in the first tapered gap G1. 

In addition, the tilted surface I1 is disposed in the cylindri 
cal portion protruding portion 3121. Therefore, even in a case 
where the adhesive A protrudes from the first tapered gap G1, 
the interface of the adhesive A is disposed to follow the tilted 
surface I1. That is, the adhesive A opposes the sleeve 41 in the 
radial direction. Accordingly, blocking of the sleeve 41, a 
tapered seal defined in the sleeve 41 and the gap in the axial 
direction between the disk portion 311 and the sleeve 41, a 
tapered seal defined in the gap in the axial direction between 
the sleeve 41 and the stopper 315, and the like by the adhesive 
A may be controlled. As a result, even in a case where the 
lubricating oil leaks out from the sleeve 41 or the like, the 
lubricating oil stays in at least one of the tapered seals, and 
thus the lubricating oil may be prevented from leaking out 
toward the stator. 

In addition, the width in the radial direction of the second 
tapered gap G2 gradually increases downward in the axial 
direction. Therefore, even in a case where the stopper 315 
approaches the cylindrical portion 312 and the adhesive A 
moves downward in the axial direction in the gap between the 
cylindrical portion 312 and the stopper 315, the adhesive A is 
prevented from protruding from the second tapered gap G2. 

In addition, as illustrated in FIG. 2, in the axial direction, 
the cross-sectional area of the second tapered gap G2 is pref 
erably wider than the cross-sectional area of the first tapered 
gap G1 Such that, when the motor 1 is assembled, the operator 
may easily confirm whether or not the interface of the adhe 
sive A is positioned in the second tapered gap G2. In addition, 
it is preferable that the adhesive Abe made fluorescent by UV 
irradiation. In this case, the operator may visually and further 
easily confirm the interface of the adhesive. Furthermore, 
even though the interface of the adhesive A is not visually 
confirmed by the operator it is possible that, for example, 
recognition of the interface of the adhesive Aby a device may 
be used. 

FIG.3 is a partial cross-sectional view illustrating a modi 
fied example of a preferred embodiment of the present inven 
tion showing the vicinity of the stopper 315. In the structure 
illustrated in FIG. 3, the structure of the cylindrical portion 
protruding portion 3121 illustrated in FIG. 2 is different. In 
FIG. 3, the cylindrical portion 312 preferably includes a 
cylindrical portion protruding portion 3121A. The inner sur 
face of the cylindrical portion 312 preferably includes a tilted 
surface I1A that is tilted with respect to the centeraxis J1. The 
tilted surface I1A defines a portion of the cylindrical portion 
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protruding portion 3121A. The tilted surface I1 A preferably 
includes a first tilted portion I 11A and a second tilted portion 
I12A. 

The first tilted portion I 11A extends downward in the axial 
direction from the lower end of the disk portion 311 along the 
inner surface of the cylindrical portion 312. The first tilted 
portion I 11A is tilted with respect to the center axis J1. The 
second tilted portion I12A is tilted with respect to the center 
axis J1. The second tilted portion I 12A is disposed on the 
lower side in the axial direction rather than the tilted surface 
R1 of the stopper 315. The first tilted portion I 1A is connected 
to the second tilted portion I 12A. A portion where the first 
tilted portion I 11A and the second tilted portion I12A are 
connected to each other is positioned on the lower side in the 
axial direction rather than the tilted surface R1 and opposes 
the surface SS2 of the stopper 315 in the radial direction. 
Therefore, in the first tapered gap G1, the interface of the 
adhesive A is disposed on the lower side in the axial direction 
rather than the tilted portion R1 of the stopper 315. As a result, 
the adhesive A is more likely to stay in the first tapered gap G1 
and thus the adhesive A is preferably prevented from adhering 
to other members such as the sleeve 41. 

In addition, at least a portion of the tilted surface I1A may 
also alternatively be a curved Surface. In this case, at least one 
of the first tilted portion I 11A and the second tilted portion 
I12A may also be a curved surface. 

FIG. 4 is a partial cross-sectional view illustrating the 
vicinity of the stopper 315 according to another modified 
example of a preferred embodiment of the present invention. 
In FIG. 4, unlike the above-described preferred embodiments 
and the like, a cylindrical portion protruding portion 3121B 
preferably does not include the flat surface S1, the first tilted 
portion, and the second tilted portion. In FIG.4, the cylindri 
cal portion protruding portion 3121B preferably includes a 
tilted portion I1B. The tilted portion I 1B extends downward 
in the axial direction from the disk portion 311 along the inner 
surface of the cylindrical portion 312. The tilted portion I 1B 
is connected to the surface S2. The space in the radial direc 
tion between the tilted portion I1B and the center axis J1 
gradually decreases downward in the axial direction. 

In addition, at least a portion of the tilted portion I 1B may 
also be a flat portion. In addition, at least a portion of the tilted 
portion I1B may also be a portion where the space in the radial 
direction from the center axis J1 gradually increases down 
ward in the axial direction. 

The tilted portion I1B opposes in the radial direction the 
surface R1 of the stopper 315 via the gap. The tilted portion 
I1B opposes in the radial direction the surface SS2 via the 
gap. The tilted surface I1B of the cylindrical portion 312 
opposes the outer surface of the stopper 315 that includes the 
surface R1 and the surface SS2 of the stopper 315 via the first 
tapered gap G1. 

In addition, as illustrated in FIG. 4, the surface SS4 of the 
stopper 315 abuts on the surface S3 of the cylindrical portion 
312 in the radial direction. Therefore, the stopper 315 is 
positioned with respect to the cylindrical portion 312 in the 
radial direction. The surface SS3 of the stopper 315 abuts on 
the surface S2 of the cylindrical portion 312 in the axial 
direction. Therefore, the stopper 315 is positioned with 
respect to the cylindrical portion 312 in the axial direction. 

In addition, the tilted portion I1 B may also alternatively be 
a curved surface. That is, the tilted portion I1B may also be a 
curved surface of which the space in the radial direction from 
the center axis J1 gradually decreases downward in the axial 
direction. Otherwise, the tilted portion I 1B may also be a 
curved surface that is recessed outward in the radial direction. 
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The adhesive A is preferably included between the stopper 

315 and the cylindrical portion 312. In a portion of the inter 
face of the adhesive A, at least a portion thereof is disposed on 
the tilted portion I1B. In addition, the portion of the interface 
of the adhesive A may also be disposed between the tilted 
portion I1B and the surface R1 of the stopper 315 or between 
the tilted portion I1B and the surface SS2 of the stopper 315. 

FIG. 5 is a partial cross-sectional view of a stopper 315C, 
illustrating yet another modified example of a preferred 
embodiment of the present invention. In FIG. 5, a cylindrical 
portion 312C is preferably provided as a separate member 
from the disk portion 311. In the lower surface of the disk 
portion 311, at least one concave portion 3112 that is recessed 
upward in the axial direction is disposed. In the upper end 
portion in the axial direction of the cylindrical portion 312C, 
a convex portion 3122 corresponding to the shape of the 
concave portion of the disk portion 311 is preferably pro 
vided. The convex portion 3122 of the cylindrical portion 
312C is preferably fitted into a concave portion 3112 of the 
disk portion 311. The width in the radial direction of the 
convex portion 3122 is greater than the width in the radial 
direction of the concave portion 3112. Therefore, the convex 
portion 3122 of the cylindrical portion 312C is fixed to the 
concave portion 3112 of the disk portion 311 by, for example, 
press-fitting. 

In addition, the width in the radial direction of the convex 
portion 3122 may be the same as or smaller than the width in 
the radial direction of the concave portion 3112. In this case, 
it is preferable that the cylindrical portion 312C is fixed to the 
disk portion 311 by, for example, applying the adhesive A, by 
welding, or the like. 
A cylindrical portion protruding portion 3121C is prefer 

ably arranged at the lower end portion in the axial direction of 
the cylindrical portion 312C. The cylindrical portion protrud 
ing portion 3121C protrudes inward in the radial direction and 
opposes the outer surface of the stopper 315C in the radial 
direction. The cylindrical portion protruding portion 3121C 
preferably includes a surface S1C. The surface S1C is dis 
posed at the lower end portion in the axial direction of the 
cylindrical portion protruding portion 3121C. The surface 
S1C is a surface that is parallel or substantially parallel to the 
disk portion 311. The cylindrical portion protruding portion 
3121C has a tilted surface I1C that is tilted with respect to the 
center axis J1. The space in the radial direction between the 
tilted surface I1C and the center axis J1 gradually decreases 
upward in the axial direction. The tilted surface I1C is con 
nected to the surface S1C. The tilted surface I1C is disposed 
on the inner side in the radial direction rather than the surface 
S1C. 

In addition, the tilted surface I1C may also alternatively be 
a curved surface. That is, the tilted surface I1C may also be a 
curved surface of which the space in the radial direction from 
the center axis J1 gradually decreases upward in the axial 
direction. In this case, the tilted surface I1C may have a shape 
that is recessed outward in the radial direction or is convex 
toward the inner side in the radial direction. 
The cylindrical portion protruding portion 3121C prefer 

ably includes a surface S2C that is parallel or substantially 
parallel to the center axis J1. The surface S2C opposes the 
outer surface of the stopper 315 in the radial direction. The 
surface S2C is connected to a tilted surface I3C. The surface 
S2C is connected to the tilted surface I1C. The surface S2C is 
disposed on the inner side in the radial direction rather than 
the tilted surface I1C. It is preferable that the surface S2C be 
a flat surface. The surface S2C may not necessarily be a flat 
Surface and may alternatively have unevenness, a curved por 
tion, etc. disposed therein. 
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The cylindrical portion protruding portion 3121C prefer 
ably includes the tilted surface I3C that is tilted with respect 
to the center axis J1. The space in the radial direction between 
the tilted surface I3C and the center axis J1 gradually 
increases upward in the axial direction. The tilted surface I3C 
opposes the outer surface of the stopper 315 in the radial 
direction. The tilted surface I3C is connected to the surface 
S2C. The tilted surface I3c is disposed on the outer side in the 
radial direction rather than the surface S2C. 

In addition, the tilted surface I3C may also be a curved 
surface of which the space from the center axis J1 gradually 
increases upward in the axial direction. 
The cylindrical portion protruding portion 3121C prefer 

ably includes a surface S3C that is parallel or substantially 
parallel to the disk portion 311. The surface S3C is disposed 
at the upper end portion in the axial direction of the cylindri 
cal portion protruding portion 3121C. The surface S3C is 
connected to the tilted surface I3C. The surface S3C is par 
allel or substantially parallel to the surface S1C. A portion 
where the surface S3C is connected to the inner surface of the 
cylindrical portion 312C, a groove portion grc that is recessed 
outward in the radial direction is disposed. 
The lower end portion in the axial direction of the stopper 

315C preferably includes a surface SS1C that is parallel or 
substantially parallel to the disk portion 311. The surface 
SS1C is flush or substantially flush with the surface S1C of 
the cylindrical portion 312C. An oil-repellent agent is applied 
to the surface SS1C and the surface S1C. In addition, the 
oil-repellent agent may be applied at least any one of the 
surface SS1C and the surface S1C, may be applied only to the 
surface SS1C, or may be applied only to the surface S1C. The 
surface SS1C opposes the bushing 42 in the axial direction. 
That is, the surface SS1C opposes the annular surface 423 of 
the stationary section 2 in the axial direction. 

In addition, the surface SS1C may not necessarily be flush 
with the surface S1C of the cylindrical portion 312C. The 
surface SS1C may also alternatively be disposed on the upper 
side in the axial direction or on the lower side in the axial 
direction rather than the surface S1C of the cylindrical portion 
312C. 
The lower end portion of the stopper 315C preferably 

includes a curved portion R1C. The curved portion R1C is 
disposed at the outer surface of the lower end portion of the 
stopper 315C. The space in the radial direction between the 
curved portion R1C and the center axis J1 gradually increases 
upward in the axial direction. The curved portion R1C 
opposes in the radial direction the tilted surface I1C of the 
cylindrical portion protruding portion 3121. 

In addition, the curved portion R1C may also be a tilted 
surface that is tilted with respect to the center axis J1. Even in 
this case, it is preferable that the space in the radial direction 
between the surface R1C and the center axis J1 gradually 
increase upward in the axial direction. 
The stopper 315C preferably includes a surface SS2C that 

is parallel or substantially parallel to the center axis J1. The 
surface SS2C is disposed on the outer side in the radial direc 
tion rather than the surface SS1C. The surface SS2C is con 
nected to the curved portion R1C. The surface SS2C opposes 
in the radial direction the surface S2C of the cylindrical 
portion protruding portion 3121. The surface SS2C of the 
stopper 315 opposes in the radial direction the surface S2C of 
the cylindrical portion protruding portion 3121. In the modi 
fied example illustrated in FIG. 5, the surface SS2C comes 
into contact with the surface S2C of the cylindrical portion 
protruding portion 3121C. Accordingly, the stopper 315C is 
positioned with respect to the cylindrical portion 312C in the 
radial direction. 
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16 
The lower end portion in the axial direction of a stopper 

protruding portion 3151C preferably includes a surface SS3C 
that is parallel or substantially parallel to the disk portion 311. 
The lower end portion in the axial direction of the stopper 
protruding portion 3151C opposes in the axial direction the 
upper end portion in the axial direction of the cylindrical 
portion protruding portion 3121C. More specifically, the sur 
face SS3C of the stopper protruding portion 3151C oppose 
the surface S3C of the cylindrical portion protruding portion 
3121C in the axial direction. In the modified example of FIG. 
5, the surface SS3C comes into contact with the surface S3C 
in the axial direction. Therefore, the stopper 315C is posi 
tioned with respect to the cylindrical portion 312C in the axial 
direction. The surface SS3C is connected to the surface SS2C. 
The stopper protruding portion 3151C preferably includes 

a tilted portion R2C that is tilted with respect to the centeraxis 
J1. The space in the radial direction between the tilted portion 
R2C and the center axis J1 gradually increases upward in the 
axial direction. The tilted portion R2C opposes the groove 
portion grc of the cylindrical portion 312C at least in the 
radial direction. 

In addition, the tilted portion R2C may also alternatively be 
a curved surface of which the space in the radial direction 
from the centeraxis J1 gradually increases upward in the axial 
direction. 
A portion where the surface SS3 is connected to the tilted 

surface R2C is disposed on the lower side in the axial direc 
tion rather than a portion where the inner surface of the 
cylindrical portion 312C is connected to the endportion of the 
groove portion gre. 
The stopper protruding portion 3151C preferably includes 

a surface SS4C that is parallel or substantially parallel to the 
centeraxis J1. The surface SS4C is disposed at the endportion 
on the outer side in the radial direction of the stopper protrud 
ing portion 3151C. The surface SS4C opposes the inner sur 
face of the cylindrical portion 312C in the radial direction. A 
portion where the surface SS4C is connected to the tilted 
portion R2C opposes the groove portion grc of the cylindrical 
portion 312C in the radial direction. 

In addition, the surface SS4C is preferably a flat surface but 
may not necessarily be the flat Surface and may also alterna 
tively be uneven or a curved portion. The surface SS4C may 
also abut on the inner surface of the cylindrical portion 312C. 
Accordingly, the stopper 315C is also positioned with respect 
to the cylindrical portion 312C in the radial direction. 
A tilted portion R3C that is tilted with respect to the center 

axis J1 is preferably disposed at the upper end portion in the 
axial direction of the stopper protruding portion 3151C. The 
space in the radial direction between the tilted portion R3C 
and the center axis J1 gradually decreases upward in the axial 
direction. The tilted portion R3C is disposed on the inner side 
in the radial direction rather than the surface SS4C. The tilted 
portion R3C opposes the inner surface of the cylindrical 
portion 312C in the radial direction. In addition, the tilted 
portion R3C may also alternatively be a curved surface or the 
tilted portion R3C may also have at least two tilted portions 
that are tilted with respect to the center axis J1. 
The stopper 315C preferably includes a surface SS5C that 

is parallel or substantially parallel to the disk portion 311. The 
surface SS5C is connected to the tilted surface R3C. The 
surface SS5C opposes at least a portion of the end portion on 
the outer side in the radial direction of the sleeve 41. Accord 
ingly, when the rotor 3 moves in the axial direction with 
respect to the stationary section 2, the rotor 3 comes into 
contact with the sleeve 41 and thus the rotor 3 is preferably 
prevented from being separated from the stationary section 2 
in the axial direction. 
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The upper end portion of the outer surface of the stopper 
protruding portion 3151C opposes the inner peripheral Sur 
face of the cylindrical portion 312C via the first tapered gap 
G1. In the first tapered gap G1, the gap in the radial direction 
decreases downward in the axial direction. More specifically, 5 
the space in the radial direction of the gap between the tilted 
surface R3C of the stopper protruding portion 3151C and the 
inner surface of the cylindrical portion 312C gradually 
decreases downward in the axial direction. The first tapered 
gap G1 opposes the lower surface of the disk portion 311 in 
the axial direction. 

The outer peripheral surface of the stopper 315C opposes 
the inner peripheral surface of the cylindrical portion protrud 
ing portion 3121C via the second tapered gap G2. In the 
second tapered gap G2, the gap in the radial direction 
increases downward in the axial direction. More specifically, 
the space in the radial direction of the gap between the tilted 
surface R1C of the stopper 315C and the tilted surface I1C of 
the cylindrical portion protruding portion 3121C gradually 
increases downward in the axial direction. The second 20 
tapered gap G2 opposes the bushing 42 in the axial direction. 
That is, the second tapered gap G2 opposes the annular Sur 
face 423 of the stationary section 2 in the axial direction. 
The adhesive A is preferably included between the stopper 

315C and the cylindrical portion 312C. At least a portion of 25 
the interface of the adhesive A is disposed in each of the first 
tapered gap G1 and the second tapered gap G2. It is preferable 
that the interface of the adhesive A disposed in the first 
tapered gap G1 be disposed on the lower side in the axial 
direction rather than the surface SS5C which is the upper end 
portion of the stopper 315. That is, it is preferable that the 
interface of the adhesive Adisposed in the first tapered gap G1 
be disposed on the lower side in the axial direction rather than 
the surface SS5C of the stopper 315. 

It is preferable that the interface of the adhesive A disposed 
in the second tapered gap G2be disposed on the upper side in 
the axial direction rather than the lower end portion in the 
axial direction of the stopper protruding portion 3151C and 
the lower end portion in the axial direction of the cylindrical 
portion protruding portion 3121C. That is, it is preferable that 
the interface of the adhesive A disposed in the second tapered 
gap G2 be disposed on the upper side in the axial direction 
rather than the surface SS1C of the stopper protruding portion 
3151C and the surface S1C of the cylindrical portion 312C. 

In addition, in the axial direction, the cross-sectional area 
of the first tapered gap G1 is greater than the cross-sectional 
area of the second tapered gap G2. Accordingly, a larger 
amount of the adhesive A included between the stopper 315C 
and the cylindrical portion 312C is disposed close to the first 
tapered gap G1. As a result, the adhesive A is preferably 
prevented from leaking out from the lower side in the axial 
direction from the second tapered gap G2. 

In addition, in the modified example illustrated in FIG. 5, 
the concave portion 3112 is disposed in the disk portion 311. 
However, in the disk portion 311, instead of the concave 
portion 3112, at least one through-hole that penetrates 
through the disk portion 311 in the axial direction may alter 
natively be disposed. The convex portion 3122 of the cylin 
drical portion 312C is inserted into the through-hole such that 
the cylindrical portion 312C is fixed to the disk portion 311 
by, for example, press-fitting, welding, adhesion, caulking, or 
the like. 

Moreover, in the disk portion 311, a plurality of concave 
portions 3112, through-holes, or a combination thereof may 
be disposed. In this case, the shape of the convex portion 3122 
which is the upper end portion in the axial direction of the 
cylindrical portion 312C is arranged to fit the shape of the 
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18 
concave portion 3112 or the through-hole. In addition, the 
cylindrical portion 312C is fixed to the disk portion 311 by, 
for example, press-fitting, adhesion, welding, caulking, a 
combination thereof, or the like. In addition, the disk portion 
311 may also be fixed to the cylindrical portion 312C by other 
methods. 

While the preferred embodiments according to the present 
invention have been described above, various modifications 
of the present invention other than those described above can 
be made. 

For example, each of the tilted surfaces of the cylindrical 
portions 312 and 312C may not necessarily be a tilted surface 
that is tilted with respect to the center axis. At least any one of 
the tilted surfaces may be a curved surface of which the space 
in the radial direction from the center axis J1 changes upward 
or downward in the axial direction. 
The upper end portions and the lower end portions in the 

axial direction of the stoppers 315 and 315C may not neces 
sarily be parallel or substantially parallel to the disk portion 
311. The tilting of the upper end portions and the lower end 
portions of the stoppers 315 and 315C with respect to the 
centeraxis J1 may be different from each other. The lower end 
portion in the axial direction of the cylindrical portion 312 
may not necessarily be parallel or substantially parallel to the 
disk portion 311. The tilting of the lower end portion in the 
axial direction of the cylindrical portion 312, the upper end 
portion of the stopper 315, and the lower end portion of the 
stopper 315 with respect to the center axis J1 may be different 
from each other or the same tilts may be included. The stopper 
protruding portion 3151 may not necessarily be parallel or 
substantially parallel to the inner surface of the cylindrical 
portion 312 and the tilting thereof with respect to the center 
axis J1 may be different from each other. 
The oil-repellent agent may also be applied not only to the 

outer surface of the sleeve 41 but also to the inner surface of 
the stopper 315. The oil-repellent agent may also be applied to 
the lower surface of the disk portion 311. 

In addition, as described above, the motor 1 is preferably a 
three-phase motor. However, the number of phases of the 
motor does not need to be particularly limited, and for 
example, a multi-phase motor Such as... for example, a single 
phase, five-phase, or seven-phase motor may be provided. 
The number of through-holes 2121 disposed in the first con 
cave portion 214 may be determined depending on the num 
ber of lead-out wires and a method of processing common 
wires. 
The preferred embodiments of the present invention and 

the modifications thereof may be used for a motor for a disk 
drive apparatus and may also be used for a motor in applica 
tions other than the disk drive apparatus, for example. 

Features of the above-described preferred embodiments 
and the modifications thereofmay be combined appropriately 
as long as no conflict arises. 

While preferred embodiments of the present invention 
have been described above, it is to be understood that varia 
tions and modifications will be apparent to those skilled in the 
art without departing from the scope and spirit of the present 
invention. The scope of the present invention, therefore, is to 
be determined solely by the following claims. 

What is claimed is: 
1. A motor comprising: 
a stator, and 
a rotor which is arranged to rotate relative to the stator 

about a center axis as a center; wherein 
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the rotor includes: 
a disk portion; 
a cylindrical portion which extends downward in an 

axial direction from the disk portion; and 
a stopper that is cylindrical or substantially cylindrical, 

is disposed on an inner side in a radial direction of the 
cylindrical portion and is fixed to an inner surface of 
the cylindrical portion; 

the cylindrical portion includes a cylindrical portion pro 
truding portion which protrudes inward in the radial 
direction and opposes an outer surface of the stopper in 
the radial direction; 

the stopper includes a stopper protruding portion which 
protrudes outward in the radial direction, opposes the 
inner Surface of the cylindrical portion, and opposes the 
cylindrical portion protruding portion in the axial direc 
tion; 

an adhesive is included between the cylindrical portion and 
the stopper; 

a gap in the radial direction between an upper end portion 
of the outer surface of the stopper and an inner peripheral 
Surface of the cylindrical portion protruding portion 
defines a first tapered gap in which a gap in the radial 
direction widens upward in the axial direction: 

a gap in the radial direction between a lower end portion of 
the outer surface of the stopper protruding portion and an 
inner peripheral surface of the cylindrical portion 
defines a second tapered gap in which a gap in the radial 
direction widens downward in the axial direction; 

the adhesive is included in at least a portion of the first 
tapered gap and in at least a portion of the second tapered 
gap, 

the stator includes an annular surface that widens in the 
radial direction; and 

the annular surface is positioned below the second tapered 
gap and the second tapered gap opposes the annular 
surface in the axial direction. 

2. The motor according to claim 1, wherein 
the inner peripheral surface of the cylindrical portion pro 

truding portion which opposes in the radial direction the 
upper end portion of the outer surface of the stopper 
includes a tilted surface that is tilted with respect to the 
center axis; and 

the tilted surface includes: 
a first tilted portion that is tilted with respect to the center 

axis; and 
a second tilted portion having a tilt angle with respect to 

the center axis, which is greater than that of the first 
tilted portion. 

3. The motor according to claim 1, wherein a portion of the 
adhesive is disposed on an upper side in the axial direction 
rather than the first tapered gap. 

4. The motor according to claim 1, wherein an end portion 
of the cylindrical portion protruding portion which opposes 
the stopper includes a tilted surface or a curved surface. 

5. The motor according to claim 1, wherein a tip end 
portion of the cylindrical portion includes a tilted surface or a 
curved surface of which a space in the radial direction from 
the center axis increases downward in the axial direction. 

6. The motor according to claim 1, wherein the cylindrical 
portion protruding portion includes a flat surface that is par 
allel or substantially parallel to the center axis. 
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7. The motor according to claim 1, wherein a concave 

portion that is recessed outward in the radial direction is 
disposed in a portion where the cylindrical portion protruding 
portion is connected to the inner surface of the cylindrical 
portion. 

8. The motor according to claim 1, wherein a tilted surface 
or a curved surface of which a space in the radial direction 
from the center axis increases downward in the axial direction 
is defined in a portion of the outer surface of the stopper which 
opposes the cylindrical portion protruding portion. 

9. The motor according to claim 1, wherein the stopper 
protruding portion includes a flat surface that is parallel or 
substantially parallel to the center axis. 

10. The motor according to claim 1, wherein the stopper 
protruding portion includes a tilted surface or a curved sur 
face of which a space in the radial direction from the center 
axis decreases downward in the axial direction. 

11. The motor according to claim 1, wherein at least any 
one of end portions on a lower side in the axial direction and 
on an upper side in the axial direction of the stopper is parallel 
or substantially parallel to the disk portion. 

12. The motor according to claim 1, wherein the cylindrical 
portion protruding portion includes a surface that is parallel or 
Substantially parallel to the stopper protruding portion. 

13. The motor according to claim 1, wherein 
the stator includes a bearing mechanism which supports 

the rotor; and 
an inner surface of the stopper is positioned on an inner side 

in the radial direction rather than an end portion on an 
outer side in the radial direction of the bearing mecha 
nism. 

14. The motor according to claim 13, wherein a portion of 
the adhesive opposes the bearing mechanism in the radial 
direction. 

15. The motor according to claim 13, wherein a portion of 
the stopper opposes the bearing mechanism in the axial direc 
tion. 

16. The motor according to claim 1, wherein a cross-sec 
tional area of the second tapered gap in the axial direction is 
greater than a cross-sectional area of the first tapered gap. 

17. The motor according to claim 1, wherein the cylindrical 
portion is integrally provided with the disk portion as a single 
monolithic member. 

18. The motor according to claim 1, wherein 
the disk portion includes at least one through-hole or con 

cave portion; 
the cylindrical portion includes a convex portion corre 

sponding to the through-hole; and 
the convex portion is disposed in the through-hole or the 

concave portion. 
19. The motor according to claim 18, wherein the convex 

portion is disposed in the through-hole or the concave por 
tion, and the cylindrical portion is fixed to the disk portion by 
at least any one of press-fitting, caulking, adhesion, and weld 
1ng. 

20. The motor according to claim 1, wherein the cylindrical 
portion is fixed to the disk portion by welding. 

21. A disk drive apparatus comprising: 
the motor according to claim 1: 
at least one sheet of disk mounted to the rotor; and 
a housing which accommodates the motor and the disk. 
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